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GenotypingCysticercosis caused by infection with embryonated eggs of the pork tapeworm Taenia solium is an important
cause of neurological disease worldwide. Based on the phylogenetic analysis of mitochondrial DNA, the
pathogen has been divided into two geographic clades, corresponding to Afro-American and Asian genotypes.
In this study the genotyping of T. solium was carried out by using the nuclear DNA sequences of the
immunodiagnostic antigen genes Ag1V1 and Ag2. The two geographic genotypes were supported by the Ag2
sequences, especially showing unique substitutions in each of the genotypes. It seems likely that the Ag2may
be a novel nuclear DNA marker to distinguish the two geographic genotypes of T. solium.de Federal do Tocantins, Av: NS
almas, TO CEP77001-090, Brazil.
er the Elsevier OA license.10 Elsevier Ireland Ltd. Open access under the Elsevier OA license.The larval stage of the pork tapeworm Taenia solium is responsible for
cysticercosis. Humans are accidentally infectedwith T. soliumby ingestion
of embryonated eggs excreted with feces of symptomatic and asymp-
tomatic carriers harboring the adult tapeworm in the intestinal tract. The
hatched embryos migrate throughout the body of humans and swine,
invade mostly skeletal muscle and encyst to form larval cysticerci. The
larvae can also reach subcutaneous tissue, eyes and the central nervous
system, resulting in neurocysticercosis (NCC). Amonghuman tapeworms,
T. solium is the most important as the pathogen of emergent or
re-emergent zoonosis because the NCC causes focal neurological deﬁcits
and seizures in endemic countries [1,2]. The diagnosis of cysticercosis has
been done by clinical criteria, computed tomography (CT), nuclear
magnetic resonance (NMR) imaging and serology [3,4]. Glycoproteins in
the cyst ﬂuid of T. solium have been widely used as crude antigens for
serodiagnosis [5,6]. Recombinant antigens have been used for the
diagnosis of cysticercosis. We demonstrated that the chimeric recombi-
nant protein Ag1V1/Ag2 is a superior antigen for immunodiagnosis in
humans and animals [7–11]. Eachof theAg1V1 andAg2 is a gene encoding
a lowmolecular weight backbone protein of the cystic glycoproteins. Our
previous phylogenetic analysis of mitochondrial DNA (mtDNA) revealed
that T. solium individuals can be divided into two geographic clades,
corresponding to Afro-American and Asian genotypes [12]. During the
analysis process of Western blotting, we also noticed that the bandingproﬁles of crude glycoproteins differ among cyst ﬂuids from geograph-
ically different origins [13,14]. In the present study, we evaluated the
usefulness of Ag1V1 and Ag2 as a nuclear DNAmarker to characterize the
local isolates of T. solium.
A total of 7 geographic samples of T. solium cysticerci collected
from Indonesia (Papua, former Irian Jaya), India, China, Brazil,
Tanzania, Cameroon and South Africa in 1996 through 2001 were
examined for this study. All the samples were obtained from muscles
of domesticated pigs [14] and were preserved in 70% ethanol until
DNA extraction. Genomic DNAwas extracted from a single cysticercus
by using a spin column kit (DNeasy tissue kit, QIAGEN). Each of Ag1V1
and Ag2 genes was ampliﬁed by polymerase chain reaction (PCR).
Two sets of PCR primers were designed from the cDNA sequences of
Ag1V1 and Ag2. The primer pair Ag1V1F (5′-CTC GCT CTC ACT GTA TTC
GT-3′) and Ag1V1R (5′-TTG ACA AGT TAA GCA GTT TT-3′) allowed us
to amplify the genomic sequence of Ag1V1. The amplicons of Ag2were
obtained by using the primer pair Ag2F (5′-CTC GCT CTC AGT GTT TTC
GT-3′) and Ag2R (5′-TTG ACA AGT TAA GCA GCT TC-3′). PCR was
carried out in a 50 μl reactionmixture containing 1 μl of template DNA
(approximately 100 ng), each dNTP at 200 μMeach primer, 1U of DNA
polymerase (PrimeSTAR, TaKaRa Biomedicals) and the manufacturer-
supplied reaction buffer. For PCR ampliﬁcation, we employed 30
thermal cycles (94 °C for 30 s, 50 °C for 5 s and 72 °C for 30 s) for both
genes. Prior to DNA sequencing, each ampliﬁed product was puriﬁed
by using a PCR clean-up kit (NucleoSpin, Macherey-Nagel). The
Bigdye terminator cycle sequencing kit and the ABI PRISM 377 genetic
analyzer (Applied Biosystems) were used as recommended by the
manufacturer. DNAswere directly sequenced by using PCR primers. In
Fig. 1. The exon–intron structure of genomic PCR products for Ag2 and their multiple alignment showing nucleotide substitutions. The Asian isolates of T. solium are originated from
Indonesia, India and China, and the Afro-American isolates from Brazil, Tanzania, Cameroon and South Africa.
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subcloned into pGEM-T plasmid vector (Promega) by using an
adenine tailing kit (Qiagen). Insert DNAs in the plasmid were read
by T7 promoter primer (5′-ATT ATG CTG AGT GAT ATC CC-3′).
As demonstrated by Sato et al. [14], the diagnostic antigen genes
Ag1V1 and Ag2 are universally present in T. solium isolates from Asia,
Africa and America. In this study we could amplify the 379 bp
fragments of Ag1V1 and the 362 bp fragments of Ag2 from all of the
isolates examined. After sequencing, we found 3 haplotypes in Ag1V1
and 2 haplotypes in Ag2. Both of the genomic sequences included 2
introns. The nucleotide sequences of Ag1V1 (DDBJ/EMBL/GenBank
accession nos. AB263426–AB263432) contained 2 substitution sites in
the second exon and 1 substitution site in the ﬁrst intron. All of them
were transitional changes from thymine to cytosine bases. The two
point mutations, which were observed at position 183 in the Brazilian
isolate and at position 223 in the Chinese isolate, caused amino acid
changes. Although these mutations had no geographic characteristics,
more studies on the genetic polymorphisms of T. solium in Brazil and
China are necessary to determinewhether Ag1V1 is usable as a genetic
marker at local level.
As contrasted with Ag1V1, the sequences of Ag2 (AB263419–
AB263425) were geographically informative in classifying the
isolates. The exon sequences were completely identical among the
isolates examined. However, there were 3 substitutions in the ﬁrst
intron. As shown in Fig. 1, transversional substitutions (G and T)
occurred at positions 50 and 51, and a transitional substitution (T and
C) further occurred at position 55. All of the point mutations were
highly correlated with the Afro-American and Asian genotypes of
T. solium, which were deﬁned from the sequences of mtDNA [12].
The observation of parasitic material is the most important step for
diagnosis in parasitology. However, morphological identiﬁcation is
usually difﬁcult in the case that specimens are just a piece of the entire
material [15]. The development of DNAmarkers for T. soliumworldwide
allows us to design a useful tool for diagnosis even if all the mor-
phological characteristics are lost. Based on the sequences of mtDNA,
PCR-based techniques such as base excision sequence scanning
thymine-base reader analysis, multiplex PCR and DNA sequencing
have been used for themolecular identiﬁcation of adult tapeworms and
metacestodes, particularly in differentiating the Afro-American and
Asian genotypes of T. solium [10,14–16]. However, nuclear DNAmarkers
are still required for thephylogeographic studies of T. soliumbecause the
maternally inherited haploid mtDNA is unsuitable to use as an ideal
marker for population genetics. As shown in this study, the nuclear
Ag2 gene may serve as an alternative DNA marker to determine the
geographic genotypes of T. solium specimens.
The identiﬁcation of the genotypes is an important issue on travel
medicine programs. In some cases the endemic areas of T. solium have
natural resources that attract outer people who can become wormcarriers for non-endemic areas [9]. Tracking geographic areas where
taeniasis/cysticercosis patients became infected may be achieved by
examining the genetic polymorphism of T. solium [17]. Recently, the
coexistence of the Afro-American and Asian genotypes has been found
in Madagascar [18]. The nuclear DNA marker of Ag2 may be useful to
detect cross-hybridization events between the two genotypes.
In conclusion, we found a possible nuclear DNA marker to
differentiate the geographic genotypes of T. solium. More nuclear
markers are needed to examine the population genetic structures of
T. solium worldwide. A panel of the genetic markers will depict the
evolutionary tracks of the parasite and humans.Acknowledgements
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